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Gol machine [Danos & Regnier '99] [Mackie '95]

call-by-name . call-by-value =  effects
avoid re- force evaluation of track each copy of
evaluation arguments terms
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o (Az. x4+ ) (1+ 2)
~—A
(Ca we)
'y ':
EDed e D
T
)

Muroya (U. Birmingham)



Avold re-evaluation: dynamic rewrite
(Ax. x4+ x) (1 + 2)

Muroya (U. Birmingham)



Avold re-evaluation: dynamic rewrite
(Ax. x4+ x) (1 + 2)

Muroya (U. Birmingham)



Avold re-evaluation: dynamic rewrite
(Ax. x4+ x) (1 + 2)

Muroya (U. Birmingham)



Avold re-evaluation: dynamic rewrite
D (Az.x+x) (14 2)

Muroya (U. Birmingham)



Avold re-evaluation: dynamic rewrite
D (Az.x+x) (14 2)

9

Muroya (U. Birmingham)



Avold re-evaluation: dynamic rewrite

D (Ar.x+x) (14 2)

e
® @

1

10



AvoId re-evaluation: dynamic rewrite
~Ad— (Az.z+ ) (14 2)

1

10 Muroya (U. Birmingham)



Avold re-evaluation: dynamic rewrite
— (Ax-x+x) (1 + 2)

.(:)‘

(1) &MJ)

[

—

1 IViuroya (U. sirmingham)



Avold re-evaluation: dynamic rewrite
— (Ax-x+x) (1 + 2)

1 IViuroya (U. sirmingham)



Avold re-evaluation: dynamic rewrite
(Ax-x+x) (1 + 2)

1 IViuroya (U. sirmingham)



Avold re-evaluation: dynamic rewrite
(Ax. x4+ x) (1 + 2)

12 IViuroya (U. sirmingham)



Avold re-evaluation: dynamic rewrite
(Ax. x4+ x) (1 + 2)

12 IViuroya (U. sirmingham)



Avold re-evaluation: dynamic rewrite
(Ax. x4+ x) (1 + 2)

13 IViuroya (U. sirmingham)



Avold re-evaluation: dynamic rewrite
(Ax. x4+ x) (1 + 2)

13 IViuroya (U. sirmingham)



Avold re-evaluation: dynamic rewrite
(Ax. x4+ x) (1 + 2)

j= -

- ,‘_';_ —
{ 9 i‘ 9 (
!

‘L Le {8 .
(S

13 IViuroya (U. sirmingham)



Avold re-evaluation: dynamic rewrite
(Ax. x4+ x) (1 + 2)

14 Muroya (U. Birmingham)



Avold re-evaluation: dynamic rewrite
(Ax. x4+ x) (1 + 2)

7~
| \
| !

®
¥oS
:

14 Muroya (U. Birmingham)



Dynamic Gol machine

“move” transition ((G,%e,%),p,d,m) --» ((G,Le,4y),p’,d",m’)

(a:p, m) - (B:Ax:a:p, m) (a:p, m) --» (B:Cut:a:p, m)
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Dynamic Gol machine

“rewrite” transition (G, le, by), p,d,m) ~ ((G', 4L, 4y),p ,d ,m)
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‘Linear-cost’ simulation

Dynamic Gol machine —-&

def ~» if a rewrite is possible
--+ if no rewrite but a move is possible

Call-by-need storeless abstract machine [Danvy & Zerny '13]

(Vi E)t =need (E,V)e (L1 AVDe =need (A[V])a
(M N, E)t = neea (M, E[[ ] N]): (E[[]N], AAz. M])c —ncea (M2’ /], E[A[let o’ = N in []]])s
(M + N, E)t =neea (M, E[[ ]+ N])¢ (El[ 1+ N], Aln])e =neea (N, E[A[n+ []]]):
(x, F1[let x = N in E3])t —neea (N, Ei[let x =[] in Fa[x]]])+ (Eln+1]], Alm])c —neea (E, Aln + m])
[ y (E,
y ed (

Theorem A.1. There exists a binary relation { that satisfies

cineed ¢ A ci(G,p,d,m)

(9
— (G,p,d,m) — s (G p,d,m')y N 1 (G, p,d,m) .
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‘Linear-cost’ simulation

Theorem A.1. There exists a binary relation I that satisfies

¢ B peed € A cI(G,p,d,m)

O(k
— (Gapa d7 m) — ( )_D (Glapladlam/) A Cl i (Glap/7d,7m/) .
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Gol machine [Danos & Regnier '99] [Mackie '95]

avoid re- force evaluation of track each copy of
evaluation arguments terms
CPS | | y
? ?
transform. v SChOpp
.......................................................................................................................................................................................................... vt
memory JAN v Hoshino+
______________________________________________________________________________________________________________________________________________________________________________________________________________ I
parallelism
8o | N R A T |Pal Lago+
dynamic ,
____________ | v v |remandezs
dynar_nic v, -
AL N N N
checkpoint v
| 19

Muroya (U. Birmingham)



Force evaluation of arguments
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T (Ax.0) (1 + 2)

20 Muroya (U. Birmingham)



Force evaluation of arguments: checkpoint
(Az.0) (1 + 2)

21

Muroya (U. Birmingham)



Force evaluation of arguments: checkpoint
(Az.0) (1 + 2)

21

Muroya (U. Birmingham)



Force evaluation of arguments: checkpoint
(Az.0) (1 + 2)

21

Muroya (U. Birmingham)



Force evaluation of arguments: checkpoint
(Az.0) (1 + 2)

22

Muroya (U. Birmingham)



Force evaluation of arguments: checkpoint
(Az.0) (1 + 2)

22

Muroya (U. Birmingham)



Force evaluation of arguments: checkpoint
(Az.0) (1 + 2)

22

Muroya (U. Birmingham)



Force evaluation of arguments: checkpoint
(Az.0) (1 + 2)

23 Muroya (U. Birmingham)



Force evaluation of arguments: checkpoint
(Az.0) (1 + 2)

23 Muroya (U. Birmingham)



Force evaluation of arguments: checkpoint
(Az.0) (1 + 2)

24 Muroya (U. Birmingham)



Force evaluation of arguments: checkpoint
(Az.0) (1 + 2)

24

Muroya (U. Birmingham)



Force evaluation of arguments: checkpoint
(Az.0) (1 + 2)

24

Muroya (U. Birmingham)



Force evaluation of arguments: checkpoint
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Force evaluation of arguments: checkpoint
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Dynamic Gol machine, extended

“move” transition ((G,%e,),p,d,m) --» ((G,£e,4p),p’,d,m’)

(a:p, m) - (B:Ax:a:p, m) (a:p, m) --» (B:Cut:a:p, m)
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Dynamic Gol machine, extended

“rewrite” transition (G, le, by), p,d,m) ~ ((G', 4L, 4y),p ,d ,m)
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‘Linear-cost’ simulation

def {W if a rewrite is possible

Dynamic Gol machine —&

--+ if no rewrite but a move is possible

Call-by-value storeless abstract machine

(V,E)t = val (E,V)c ([, A[V])e =var (A[V])a
(M N,E)¢ —va1 (M, E[[ ]| N]): (E[[IN], AAz. M])e —rvar (N, E[A[let o :=[] in M|z /z]]])
(M + N,E)t —va1 (M, E[[ ]+ NJ): (E[[ ]+ N, Aln])e =val (N, E[A[n + [ ]]])
<£U Eq [let z=V in E2]>t —>val <E1 [let r =1V in EQ] V> <E[ﬂ+ [ ]]7A[m]>c —7val <E7A[n T m >C
in [ ]], A[V])e (E, =V’
' ? ]>C < 9

Theorem A.2. There exists a binary relation I that satisfies

¢Sl ¢ A ci(G,p,d,m)

— (G,p,d,m) — O )—l> (G’,p’,d’,m') A ¢t (G’,p',d’,m’) .
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‘Linear-cost’ simulation

Theorem A.2. There exists a binary relation I that satisfies

c B A ci(G,p,d,m)
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Gol machine [Danos & Regnier '99] [Mackie '95]

call-by-name )( call-by-need )( call-by-value effects

avoid re- force evaluation of track each copy of
evaluation arguments terms
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Dynamic rewrite & checkpoint

* jumping as rewriting

* honest copying
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AS an apstract machine

e efficiency
(z, E1[let z = N in F5])¢ —need (N, Ei[let z :=[] in Ea[z]]]):

* NO cost for look-up

e garbage collection integrated, in a restricted way

(Ellet x :=[] in E'[z]], A[V])e —necea (E[A[let z =V in E']],V).
(E[let x :=[] in E'[z]], A[V])e —neea (E[A[E']], V). (if x does not appear in E')

e compositional reasoning
e automated “graph rewriter” of specific strategies

e rather than "graph rewriting simulator”
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